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Description 

The present invention relates to a new type of ex- 
pandable thermoplastic microspheres and to a method 
(or producing and using such microspheres. More spe- 
cifically, the invention relates to thermoplastic micro- 
spheres produced with powder stabilisers of a type not 
hitherto used in this field, which either remain on the sur- 
face of the finished microspheres or are conveniently re- 
moved from the surface of the spheres. 

Expandable thermoplastic microspheres have been 
commercially produced over several years and have al- 
ways found new and extended fields of application. 
There are many patents on the production and use of 
microspheres. Thermoplastic microspheres are pro- 
duced largely in accordance with a method described in 
US Patent Specification 3,615,972. The microspheres 
are produced by suspension polymerisation where a liq- 
uid monomer or monomer mixture containing condensed 
propellant is dispersed in an aqueous medium contain- 
ing suspending agent and polymerisation catalyst. The 
resulting microspheres consist of a polymer shell con- 
taining the liquid, volatile propellant. The spheres ex- 
pand by heating to a temperature above the boiling point 
of the propellant and the softening point of the polymer. 
The thermoplastic shell of the spheres may consist of 
polymers or copolymers of e.g. vinyl chloride, vinylidene 
chloride, acrylonitrile, methyl methacrylate or styrene or 
mixtures thereof. The particle size of the unexpanded 
spheres and, hence, of the expanded ones may vary 
within wide limits and is selected on the basis of the de- 
sired properties of the finished product. The particle size 
of unexpanded spheres may, for example, be 1 \im to 1 
mm, preferably 2 jam to 0.5 mm and particularly 5 u,m to 
50 urn Upon expansion, the diameter of the micro- 
spheres increases by a factor 2 to 5. The propellant may 
be f reons (FREON® is a registered trade mark), such as 
trichlorofluoromethane, hydrocarbons, such as n-pen- 
tane, iso-pentane, neopentane, butane, iso-butane or 
other conventional propellants. The propellant suitably 
makes up 5-30% by weight of the microsphere. One ex- 
ample of a suitable, commercially available microsphere 
product is Expancel® which has a thermoplastic shell of 
a vinylidene chloride/acrylonitrile copolymer and con- 
tains isobutane as propellant. 

EP-A-0 304 582 describes a process for preparing 
styrene polymerisates with narrow particle size distribu- 
tion. The process described in EP-A-0 304 582 relates 
to the preparation of polystyrene beads which have a 
considerably larger particle size than microspheres, cf. 
for instance page 5, lines 32-33, which states that the 
particle size is from 0.3 to 3 mm. In the process described 
in EP-A-0 304 582 both the use of organic protective col- 
loids and inorganic suspension stabilisers together with 
the addition of carbonate or bicarbonate is prescribed. 
Thus, said publication is not at all related to the problem 
which is solved according to the present invention, i.e. 
the production of microspheres having improved proper- 



ties. 

In conventional production of microspheres accord- 
ing to US-A-3,61 5,972, the polymerisable monomer or 
monomer mixture and the initiator and propellant are 

5 suspended in an aqueous medium containing suspend- 
ing agent in a reaction vessel. The suspending agent 
consists of a solid colloid which is insoluble in the aque- 
ous medium. Optionally, co-stabilisers are also used for 
acting on the hydrophilic -hydrophobic balance in the sys- 

10 tern. After polymerisation, the aqueous medium is re- 
moved, e.g. by sedimentation, centrif ugation or filtering, 
or any other suitable method. The insoluble colloid used 
as suspending agent remains on the surface of the mi- 
crospheres. US-A-3,61 5,972 proposes a number of dif- 

*s ferent materials and compounds as conceivable sus- 
pending agents. However, colloidal silica is used in all 
the embodiments described. This is also the predomi- 
nant suspending agent in this technical field. 

Known microspheres however suffer from a number 

20 of drawbacks. It has been found that the finished micro- 
spheres are difficult to dewater, i.e. it is difficult to remove 
the aqueous medium and also to dry the microspheres. 
It has also been found that the known spheres may be 
difficult to disperse in different media, such as polymer 

25 binders. 

As recited in the accompanying claims, the present 
invention is directed to microspheres and a method of 
producing them by means of which the above-mentioned 
problems are overcome and additional advantages are 

30 gained as compared with known microspheres. 

It has surprisingly been found that the use of certain 
types of powder stabilisers as suspending agent yields 
microspheres having improved properties in many re- 
spects. The powder stabilisers used according to the in- 

35 vention consist of salts of hydroxides of any of the metals 
Ca, Mg, Ba, Fe, Zn, Ni and Mn. Examples of stabilisers 
which can be used according to the invention are calcium 
phosphate, magnesium hydroxide, barium sulphate, cal- 
cium oxalate, the hydroxides of iron, zinc, nickel and 

*o manganese. 

Thus, the present invention relates to a method for 
producing expandable thermoplastic resin microspheres 
with a particle size of 3-100 u.m containing a propellant 
by polymerisation in alkaline environment in a reaction 

45 vessel of an ethylenically unsaturated monomer, or a 
mixture of monomers in an aqueous suspension in the 
presence of a propellant, characterised in that the mon- 
omer or monomer mixture is suspended in the aqueous 
medium in the presence of a powder stabiliser which 

50 consists of a salt or hydroxide of any of the metals Ca, 
Mg, Ba, Fe, Zn, Ni or Mn, and which is insoluble in the 
aqueous medium at the pH the aqueous medium has at 
the polymerisation, and expandable thermoplastic resin 
microspheres prepared by said method. 

55 By using the powder stabilisers according to the 
present invention, microspheres are obtained having a 
completely different surface structure as compared with 
known microspheres. The improved surface structure 
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can be seen in a microscope as a more even surface 
compared with that of known spheres. The altered sur- 
face structure is the reason why so many properties of 
the microspheres are improved. Thus, the new micro- 
spheres have very low water absorption, which means 
they are easier to dewater and easier to dry than con- 
ventional spheres. Besides, the spheres have higher dis- 
persibility in a binder, such as PVC plastisol, and also 
have higher adhesion to ambient polymer. The lower wa- 
ter retention results in paints and putty having a reduced 
tendency to crack formation when the spheres are used 
as filler therein. 

The microspheres according to the present inven- 
tion also have improved expansion characteristics. It is 
possible to expand them at a lower and also at a higher 
temperature than conventional spheres. Thus, the 
spheres expand satisfactorily within a broader tempera- 
ture range. The spheres are easy to expand, and a very 
low density can be obtained. The lower density means 
that a smaller amount of the new spheres is required as 
compared with known spheres to achieve a certain foam- 
ing height, e.g. on PVC plastisol. It has also been found 
that pigmented products will have a brighter colour to- 
gether with the new spheres than with conventional mi- 
crospheres. Another advantage is that the spheres ac- 
cording to the invention can be produced with a larger 
particle size without giving rise to the agglomeration 
problems usually encountered in conventional spheres. 

A distinctive feature of the powder stabilisers used 
as suspending agent according to the invention is that 
they are insoluble in the aqueous medium at the pH this 
medium has at the polymerisation, but that the stabilisers 
are easily dissolved after polymerisation by lowering the 
pH by the addition of acid. Amphoteric hydroxides can 
also be dissolved by a pH increase. This provides the 
additional advantage that the powder stabiliser can be 
washed off in a simple and gentle manner from the sur- 
face of the microspheres, which yields microspheres 
with a completely clean polymer surface. The good prop- 
erties stated above will be further enhanced in the 
washed microspheres. 

One drawback of the colloidal silicic acid used ac- 
cording to conventional technique is that it is very difficult 
to remove from the microsphere surface. It is therefore 
not possible to obtain washed microspheres with this col- 
loid. The polymerisation with the colloidal silicic acid 
takes place in acid environment for the aqueous medi- 
um. The polymerisation with the colloids according to the 
invention takes place in alkaline environment. Thus, for 
example, magnesium hydroxide is insoluble only at a pH 
of > about 8. The magnesium hydroxide is readily 
washed off after the polymerisation by lowering the pH 
in the medium to below 8. It was also surprising that pow- 
der stabilisers which are only insoluble at such high pH 
values could be used in the polymerisation of e.g. acry- 
lonitrile monomer. According to known technique, acry- 
lonitrile must be polymerised in an aqueous medium in 
acid environment, or else the monomer and the polymer 
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formed will be ruined by hydrolysis. It was however found 
that also acrylonitrile could be polymerised excellently 
with the powder stabilisers according to the invention, 
e.g. with magnesium hydroxide at a pH of > 8. 

5 According to known technique, use is often made of 
so-called co-stabilisers together with the colloidal silicic 
acid. It may also be convenient to use co-stabilisers to- 
gether with the colloids according to the invention, al- 
though this is not always called for. Examples of corn- 
to pounds which can be used as co-stabilisers are alkali 
compounds of alkyl sulphates, sulphonates, fatty acids 
and non ionic emulsifiers. 

The powder stabilisers according to the invention 
can be used in suspension polymerisation in known 

75 manner with ethylenically unsaturated monomers or mix- 
tures thereof which can form propellant-containing mi- 
crospheres. Examples of usable monomers are acrylic 
esters, methacrylic esters, acrylonitrile, vinylidene chlo- 
ride, styrene, butadiene. For example, the microspheres 

20 may be prepared from styrene and up to 40% by weight 
(based on the styrene) of copolymerised, ethylenically 
unsaturated monomers, especially acrylonitrile. Other 
suitable polymers are copolymers of vinylidene chloride 
and up to 40% by weight (based on the vinylidene chlo- 

25 ride) of acrylonitrile or vinyl chloride. Preferred copoly- 
mers consist of 0-80% by weight of vinylidene chloride, 
0-80% by weight of acrylonitrile and 0-70% by weight of 
methyl methacrylate, and particularly preferred ones of 
0-55% by weight of vinylidene chloride, 40-80% by 

30 weight of acrylonitrile and 0-50% by weight of methyl 
methacrylate. This enumeration should however not be 
considered restrictive, since the method according to the 
invention is applicable to all types of thermoplastic mi- 
crospheres. The particle size for the microspheres is in 

35 the range of 3-1 00 jim, preferably 5-50 um 

It may sometimes be desirable that the shell of the 
microspheres consists of a crosslinked polymer. Com- 
mon bifunctional monomers, such as divinylbenzene, 
ethylene glycol dimethylacrylate, triethylene glycol 

40 dimethacrylate, ally! methacrylate, triallyl isocyanate can 
be used as crosslinking agents. 

The polymerisation is carried out by means of known 
initiators, such as dialkyl peroxides, diacyl peroxides, 
peroxy esters, peroxy dicarbonates and azo com- 

46 pounds. 

The propellant used is of known type, e.g. isobutane, 
isopentane, isooctane, n-butane, pentane and petrole- 
um ether. 

The amounts of the different chemicals may vary 
50 within wide limits and are easily determined by a person 
skilled in the art. A guiding principle is that 1 part of mon- 
omer phase is dispersed in 1-8 parts of aqueous phase. 
The aqueous phase contains powder stabiliser in an 
amount of 1-20% of the monomer amount, preferably 
55 3-12%, a particularly preferred amount being 4-8%. 
When a co-stabiliser is used, it is included in an amount 
of 0.001-1% of the monomer amount. The pH of the 
aqueous phase at the polymerisation depends on the 
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powder stabiliser used. The pH of the aqueous phase 
must be selected such that the powder stabiliser is insol- 
uble in the aqueous phase. The powder stabilisers ac- 
cording to the invention are preferably insoluble in alka- 
line environment. Preferably, the pH is in the range of 
7-11. The suspension of the monomer phase in the aque- 
ous medium is carried out in known manner, e.g. with the 
agitator of the reactor, to the desired droplet size, after 
which polymerisation takes place. The polymerisation 
temperature suitably is 30-80°C t preferably 40-70°C, an 
especially preferred temperature range being 50-65° C. 
If completely clean microspheres are desirable, the pow- 
der stabiliser is dissolved after polymerisation by lower- 
ing the pH by the addition of acid. The extent to which 
the pH should be lowered to cause the powder stabiliser 
to dissolve depends on the salt used. For example, mag- 
nesium hydroxide already dissolves at pH 8.5, whereas 
other salts need lower pH values to dissolve. Suitably, 
pH is lowered to about 4-5. Common acids, such as ace- 
tic acid, hydrochloric acid or sulphuric acid, can be used. 

After the polymerisation, the aqueous phase is re- 
moved, for instace by filtering. To produce completely dry 
spheres, the dewatered spheres are dried at a temper- 
ature below the expansion temperature. 

The microspheres according to the invention can be 
expanded in known manner. A particularly suitable meth- 
od for drying and expansion of the new microspheres is 
described in EP-A-0 348 372. 

The microspheres according to the invention can be 
used within all the fields of application of conventional 
microspheres, both in unexpanded and in expanded 
form. For example, they may be used as fillers in poly- 
mers, paints, putty, plastisols, printing inks, and also as 
fillers in paper, paperboard, explosives, cable insulations 
and for impregnating nonwoven. 

The invention will now be described in more detail 
in the following Examples, which are however not to be 
considered restrictive of the invention. By parts and per- 
centages as used in the Examples are meant parts by 
weight and per cent by weight, unless otherwise stated. 

Example 1 : 

6.5 parts of Mg(OH) 2 as a 2.5% dispersion (precip- 
itated from NaOH and MgCI 2 at pH 9.0-9.5) and 170 
parts of water were charged into a 15-litre reactor 
equipped with a propeller. 0.01 parts of sodium lauryl sul- 
phate and 1 .0 parts of dicetyl peroxy dicarbonate were 
thereafter added. The reactor was sealed and evacuated 
at room temperature. To the reactor was then charged a 
mixture of 0.3 parts of divinylbenzene, 41 .5 parts of me- 
thyl methacrylate, 58.5 parts of acrylonitrile and 21 parts 
of isobutane. The reaction mixture was stirred for 30 min 
to dissolve the initiator. The speed of rotation was there- 
after increased to 800 rpm for 60 min to homogenise the 
liquid mixture to a suitable droplet size. After homogeni- 
sation, the speed of rotation was lowered to 400 rpm, 
whereupon the mixture was heated to 55°C. The mixture 



was polymerised for 8 h at 55°C. The polymerisate was 
filtered, washed and dried. 

To remove the powder stabiliser from the resulting 
polymerisate, an addition of acid was made, for example 
5 of acetic acid, to pH 4-5. Mg(OH) 2 was readily hy- 
drolised, and the resulting residual products were easily 
washed off. 

Example 2 : 

The procedure according to Example 1 was repeat- 
ed, however with the magnesium hydroxide replaced by 
6.5 parts of Ca 3 (P0 4 ) 2 which had been precipitated from 
a solution of sodium phosphate and calcium chloride at 
pH 8.5. Also this powder stabiliser was easily removed 
in the same way as in Example 1 . 

Wet unexpanded microspheres are normally sup- 
plied with a dry content of about 65% by weight, so-called 
wet cake. When dewatering the microsphere dispersion 
according to the present invention, the dry content in- 
creased to above 70% by weight with the same filtering 
time as for conventional microspheres. If instead the 
same moisture content, 65% by weight, is desired, the 
filtering time could be reduced by 20% for the spheres 
according to the invention as compared with convention- 
al microspheres. 

The dispersibility of microspheres in a binder was 
tested by adding 5% by weight of dry unexpanded mi- 
crospheres to a black PVC plastisol. The microspheres 
were dispersed in the PVC plastisol with propel- 
ler-equipped agitators for 3 min. The mixture were 
spread on a paper by means of an adjustable film appli- 
cator, set at 380 urn gap height. The film was gelatinised 
in an oven for 40-60 seconds at 160°C. The micro- 
spheres in the film expanded during the gelatin isation. 

Undispersed microspheres- will, when expanding, 
"crop up" as small white stars or snow flakes against the 
black background. Easily dispersed microspheres how- 
ever produce a spotless black surface, whilst the pres- 
ence of white spots indicate that the microspheres are 
difficult to disperse. The presence of spots can be judged 
according to a scale where 5 indicates a completely spot- 
less film, while 1 indicates a large number of spots. 

The microspheres according to the present inven- 
tion yielded a completely spotless film, marks 4-5, 
whereas conventional microspheres are more difficultly 
dispersed, marks 3-4. 
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so Claims 

1. A method for producing expandable thermoplastic 
resin microspheres with a particle size of 3-100 u.m 
containing a propellant by polymerisation in alkaline 
55 environment in a reaction vessel of an ethylenically 
unsaturated monomer, or a mixture of monomers in 
an aqueous suspension in the presence of a propel- 
lant, characterised in that the monomer or mono- 
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mer mixture is suspended in the aqueous medium 
in the presence of a powder stabiliser which consists 
of a salt or hydroxide of any of the metals Ca. Mg, 
Ba, Fe, Zn, Ni or Mn, and which is insoluble in the 
aqueous medium at the pH the aqueous medium 
has at the polymerisation. 

2. Method as claimed in claim 1 , characterised in that 
the aqueous medium also contains a co-stabiliser 
which consists of a compound selected from the 
group consisting of alkali compounds of alkyl sul- 
phates, sulphonates, fatty acids and nonionic emul- 
sifiers. 

3. Method as claimed in claim 1 , characterised in that 
the powder stabiliser is washed off from the micro- 
spheres after the polymerisation by lowering the pH 
of the aqueous medium by the addition of acid. 

4. Method as claimed in claim 1 , characterised in that 
the powder stabiliser consists of magnesium 
hydroxide or calcium phosphate. 

5. Expandable, propellant-containing, thermoplastic 
resin microspheres having a shell of polymerised 
ethylenically unsaturated monomer, or monomer 
mixture prepared according to claim 1 , character- 
ised in that the surface of the microspheres is 
coated with a powder stabiliser which consists of a 
salt or hydroxide of any of the metals Ca, Mg, Ba, 

. Fe, Zn, Ni or Mn. 

6. Thermoplastic microspheres as claimed in claim 5, 
characterised in that the powder stabiliser is 
removed by dissolving it with an aqueous medium 
whose pH has been lowered by the addition of acid 
to a value at which the powder stabiliser is dissolved, 
thus providing microspheres having a clean polymer 
surface. 

7. Thermoplastic microspheres as claimed in claim 5, 
characterised in that the powder stabiliser consists 
of magnesium hydroxide or calcium phosphate. 

8. The use of microspheres as claimed in claim 5 or 6 
as filler in polymers, paints, putty, plastisols, printing 
inks, paper, paperboard, explosives, cable insula- 
tions, and for impregnating nonwoven. 



Patentanspruche 

1 . Verfahren zur Herstellung expandierbarer, ein Treib- 
mittel enthaltender, thermoplastischer Harzmikroku- 
geln mit einer PartikelgrdGe von 3 bis 100 u.m durch 
Polymerisation eines ethylenisch ungesattigten 
Monomers oder eines Monomergemischs in alkali- 
scher Umgebung in einem ReaktionsgefaG in einer 



waGrigen Suspension in Gegenwart eines Treibmit- 
tels, dadurch gekennzeichnet, daG das Monomer 
oder das Monomergemisch in Gegenwart eines pul- 
verfdrmigen Stabilisators im waGrigen Medium sus- 
5 pendiert wird, der aus einem Salz oder Hydroxid von 
einem der Metalle Ca, Mg, Ba, Fe, Zn, Ni Oder Mn 
besteht und beim pH-Wert des waGrigen Mediums 
bei der Polymerisation im waGrigen Medium unlds- 
lich ist. 

w 

2. Verfahren nach Anspruch 1, dadurch gekennzeich- 
net, daft das waGrige Medium ebenfalis einen 
Costabilisator bestehend aus einer Verbindung 
gewahlt aus der Gruppe bestehend aus Alkaliver- 
bindungen von Alkylsulfaten, Sulfonaten, Fettsau- 
ren und nichtionischen Emulgatoren enthalt. 

3. Verfahren nach Anspruch 1, dadurch gekennzeich- 
net, daG der pulverfdrmige Stabilisator nach der 

20 Polymerisation von den Mikrokugeln abgewaschen 
wird, indem der pH-Wert des waGrigen Mediums 
durch Saurezusatz verringert wird. 

4. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
25 net, daG der pulverfdrmige Stabilisator aus Magne- 

siumhydroxid oder Calciumphosphat besteht. 

5. Expandierbare, Treibmittel enthaltende, thermopla- 
stische Harzmikrokugeln mit einer Hulle aus einem 

30 polymerisierten ethylenisch ungesattigten Monomer 
oder einem Monomergemisch, hergestellt nach 
Anspruch 1, dadurch gekennzeichnet, daG die 
Oberflache der Mikrokugeln mit einem pulverformi- 
gen Stabilisator beschichtet ist, der aus einem Salz 

35 oder Hydroxid von einem der Metalle Ca, Mg, Ba, 
Fe, Zn, Ni oder Mn besteht. 

6. Thermoplastische Mikrokugeln nach Anspruch 5, 
dadurch gekennzeichnet, daG der pulverfdrmige 

40 Stabilisator durch Auflosen mittels eines waGrigen 
Mediums, dessen pH-Wert durch Saurezusatz auf 
einen Wert verringert wurde, bei dem der pulverfdr- 
mige Stabilisator geldst wird, entfernt wird, wodurch 
Mikrokugeln mit reiner Polymeroberflache bereitge- 

45 stellt werden. 

7. Thermoplastische Mikrokugeln nach Anspruch 5, 
dadurch gekennzeichnet, daG der pulverfdrmige 
Stabilisator aus Magnesiumhydroxid oder Calcium- 

so phosphat besteht. 

8. Verwendung der Mikrokugeln nach Anspruch 5 oder 
6 als Fullstoff in Polymeren, Anstrichen, Spachtel- 
masse, Plastisolen, Druckfarben, Papier, Pappe, 

55 Sprengmitteln, Kabelisoiationen und zum Impra- 
gnieren von Faservlies. 
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Revendications 

1 . Procede pour produire des microspheres expansi- 
bles en resine thermoplastique, ayant une tailie 
comprise entre 3 et 100 jam et contenant un agent 
d'expansion, par polymerisation, en milieu alcalin 
dans une cuve de reaction, d'un monomere ethyle- 
niquement insature ou d'un melange de monome- 
res, en suspension aqueuse et en presence d'un 
agent d'expansion, 

caracterise en ce que ie monomere ou le melange 
de monomeres est mis en suspension dans le milieu 
aqueux en presence d'un stabilisant en poudre qui 
est un sel ou un hydroxyde de Tun des metaux du 
groupe forme par Ca, Mg, Ba, Fe, Zn, Ni et Mn, et 
qui est insoluble dans le milieu aqueux au pH qu'a 
le milieu aqueux lors de la polymerisation. 

2. Procede selon la revendication 1 , caracterise en ce 
que le milieu aqueux contient aussi un costabilisant 
qui est un compose choisi dans le groupe forme par 
les composes alcalins des alkylsulfates, sulfonates, 
acides gras et emulsifiants non ioniques. 

3. Procede selon la revendication 1 , caracterise en ce 
que le stabilisant en poudre est 6limin6 des micros- 
pheres par lavage apres la polymerisation, grace a 
un abaissement du pH du milieu aqueux obtenu par 
addition d'acide. 

4. Procede selon la revendication 1 , caract6ris6 en ce 
que le stabilisant en poudre est de I'hydroxyde de 
magnesium ou du phosphate de calcium. 

5. Microspheres expansibles en resine thermoplasti- 
que, contenant un agent d'expansion et comportant 
une coque de monomere 6thyleniquement insature 
ou de melange de monomeres polymerise, prepa- 
rers conformement a la revendication 1, 
caracterisees en ce que la surface des microsphe- 
res est recouverte d'un stabilisant en poudre qui est 
un sel ou un hydroxyde de run des metaux du 
groupe forme par Ca, Mg, Ba, Fe, Zn, Ni et Mn. 

6. Microspheres thermoplastiques selon la revendica- 
tion 5, caracterisees en ce que le stabilisant en pou- 
dre est 6 limine par dissolution dans, un milieu 
aqueux dont le pH a ete abaisse par addition d'acide 
jusqu'a une valeur a laquelle (edit stabilisant en pou- 
dre est dissous, donnant ainsi des microspheres qui 
ont une surface poly me re prop re. 

7. Microspheres thermoplastiques selon la revendica- 
tion 5, caracterisees en ce que le stabilisant en pou- 
dre est de I'hydroxyde de magnesium ou du phos- 
phate de calcium. 

8. Utilisation des microspheres revendiquees aux 



revendication 5 ou 6 en tant que charge dans des 
polymeres, des peintures, des mastics, des plasti- 
sols, des encres d'impression, du papier, du carton, 
des explosifs ou des isolations de cables, ou pour 
5 {'impregnation de non-tisses. 
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